Aromatic amine DNA adduct formation in chronically-exposed mice: considerations for human comparison.
Lifetime chronic exposure of mice to the aromatic amines 4-aminobiphenyl (ABP) and 2-acetylaminofluorene (AAF) produces liver and urinary bladder tumors. In parallel experiments, DNA adduct levels in target tissues reach a steady-state (a balance between adduct formation and removal) after about four weeks of either AAF or ABP ingestion. For these and other carcinogens, steady-state DNA adduct levels most frequently increase linearly with dose, but the formation of tumors also depends upon a variety of factors, including the proliferative capacity of the target tissue, the sex of the animal, genotoxic properties of the specific adducts formed, and other unknown events. Chronic dosing experiments in animal models are of interest for human risk assessment because human exposure is typically intermittent, involving repeated exposures. However, it is to be expected that in a genetically-diverse human population, where the lifetime averages > 70 years, the relationship between tumorigenesis and DNA adduct formation will be relatively more complex than that observed in mice. From our studies of chronic ABP exposure in male mice, we have obtained the daily dose of ABP and the steady-state level of N-(deoxyguanosin-8-yl)-4-aminobiphenyl (dG-C8-ABP) adduct associated with a 50% mouse bladder tumor incidence. Our attempt at a human extrapolation for adducts and urinary bladder cancer in smoking males (20-40 cigarettes/day) is based on the ABP dose per cigarette, values for the dG-C8-ABP adduct in bladder biopsies of lifetime heavy smokers at age approximately 70, and the smoking-related bladder tumor incidence (absolute lifetime risk) for Caucasian males in the United States aged 65-84 years. The extrapolation has produced two major predictions, one related to adduct formation and the other related to tumorigenesis. First, the observed level of smoking-related dG-C8-ABP in DNA of human bladder epithelium, expressed as a function of daily ABP intake, is about 3500-times higher than similar data for mice, which suggests that humans may perform the biotransformation of ABP more efficiently than mice. Second, at a similar bladder tumor incidence, mouse bladder contained adduct concentrations that were much higher than those observed in human bladder; for example, at a 2.6% tumor incidence, mouse bladder contained an average of 55.5 fmol dG-C8-ABP/microgram DNA (1850 adducts/10(8) nucleotides), while bladders from Caucasian male smokers contained an average of 0.036 fmol dG-C8-ABP/microgram DNA (1.2 adducts/10(8) nucleotides). This suggests that factors other than ABP-DNA adducts, such as adducts of other carcinogens, the influence of promoters, and synergistic effects of all of these factors contribute substantially to smoking-related bladder cancer in humans.